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ABSTRACT 
 
Photoacoustic imaging and optical coherence tomography have complementary imaging contrasts.  
Photoacoustic imaging is sensitive to optical absorption, thus is able to generate detailed maps of deep 
microvasculature in vivo.  Optical coherence tomography exploits the optical scattering contrast, and can 
provide real-time, micrometer-resolution imaging of tissue. We integrate an optical-resolution 
photoacoustic microscopy and a spectral-domain optical coherence tomography into a single system.  Our 
preliminary experiments showed that it could be a valuable imaging tool for microcirculation studies in 
vivo. 
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1. INTRODUCTION 
During the last century, the clinical practice and biomedical research have been revolutionized by the 
development of non-invasive imaging techniques, such as X-ray computed tomography (CT), positron emission 
tomography (PET), ultrasonography, magnetic resonance imaging (MRI) and optical imaging.  However, an 
individual imaging modality usually cannot provide the comprehensive anatomical, functional and molecular 
information demanded by the physicians and investigators.  For example, X-ray CT and ultrasonography are 
excellent tools for anatomical examinations even in real time, but they are not good at obtaining molecular and 
functional information due to the lack of molecular-specific contrast mechanisms.  To the contrast, PET and optical 
tomography are good at visualizing functional and molecular events in vivo, nevertheless their images sometimes are 
difficult to interpret due to the lack of the concurrent structural content.  Although MRI carries the promise to 
convey the three-level information by a single tool, but its sensitivity to physiological changes is found low in 
practice.  Hence, recently multi-modality scheme is proposed to meet this challenge by incorporating two or more 
imaging techniques into a single system.  The most successful example is PET/CT [1], which usually produces co-
registered maps of metabolic activity (by PET) and anatomical structure (by CT).  Nowadays, PET/CT has already 
become an indispensable tool for clinical cancer diagnostics.  Another example is MRI-guided optical tomography 
or spectroscopy [2, 3], where functional parameters are assessed by optical methods using the MRI anatomical map 
as priori information.  Its potential applications in brain imaging and breast cancer detection are currently under 
intensive investigation. 
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In this paper, we propose that the combination of photoacoustic imaging (PAI) and optical coherence tomography 
(OCT) could be the next paradigm of the multi-modality imaging.  First, PAI and OCT have completely 
complementary imaging contrasts.  PAI , although in its youth, has seen a rapid growth in the past few years [4].  
PAI exploits the optical absorption contrast, which is directly associated with physiologically important molecules, 
such as hemoglobin.  Thus, it not only can produce detailed map of deep vasculature in vivo, but also is capable of 
quantify the local total concentration of hemoglobin and oxygen saturation of blood in each single vessel utilizing 
the spectral information [5-7].  In the contrast, OCT [8], which is relatively mature, exploits the optical scattering 
contrast.  State-of-art OCT can provide real-time, micrometer-resolution biopsy of tissue in vivo.  Also, using the 
Doppler principle, depth-resolved profile of the blood flow can be estimated.  Second, through proper selection of 
parts, the penetration depth and spatial resolution of the two modalities can match. 
By combining the merits of the two techniques into a single system, we expect the resultant dual-modality system 
not only can image the detailed morphology of the microvasculature in relation with its surrounding structures, but 
also can quantify important functional parameters of each single vessel, like the total concentration of hemoglobin, 
oxygen saturation of blood and volumetric blood flow.  Also, as demonstrated in previous works in PAI [9, 10], we 
can study molecular-specific events in vivo with the assistance of extraneous contrast agents.  The potential 
application includes but is not limited to microcirculation study, ophthalmic diagnosis and tumor angiogenesis 
research. 
 
 
2. METHODS 
2.1 System setup 
We have developed a first generation system following the above dual-modality strategy, called the integrated 
photoacoustic and optical coherence microscopy.  It consists of three major parts: the imaging probe, the optical 
coherence subsystem and the photoacoustic laser.  The imaging probe was configured similar to a traditional 
transmission microscope (Figure 1).  The entire probe was loaded on an x-y motorized stage.  The light from the 
optical coherence subsystem and the photoacoustic laser were delivered to the probe through single-mode optical 
fibers.  Compared with the free-space delivery scheme used in a previous system [7], the current design added 
flexibility to the device, and allowed scanning the probe instead of the sample.  The light was then focused by a 
microscope objective (NA 0.25, PHACO1, Leitz Wetzlar, Germany) into the sample from the bottom.  The sample 
was usually loaded on a standard glass slide.  A high-frequency ultrasonic transducer (75 MHz, V2022BC, 
Panametrics-NDT) was placed on top of sample to pick up the photoacoustic signal.  An acoustic lens was attached 
to the transducer to achieve a focused geometry with a focal length of 5 mm.  During experiment, a drop of water 
was usually applied between the sample and the acoustic lens for better ultrasonic coupling. 
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Figure 1  Configuration of the imaging probe. 
 
The optical-coherence system adopted a standard spectral-domain configuration (Figure 2).  Compared with its 
time-domain counterparts, this configuration has been proved to have higher sensitivity and faster imaging speed [11, 
12].  It was based on a Michelson interferometer seeded by a superluminescent diode (λ0 = 829 nm, ∆λ =36.4 nm, 
IPSDD0803, Inphenix).  The axial resolution of the optical-coherence measurement was determined by the source 
bandwidth to be 8.4 µm in air or 5.9 µm in soft tissue (assume refractive index n = 1.4).  The source light was split 
by a 50/50 fiber coupler into two arms. The object arm directly connected to the imaging probe, illuminated the 
sample and collected the backscattered light from it.  The reference arm contained a retro-reflective mirror and was 
kept at a fixed length during experiment.  The dispersion and polarization difference between the two arms were 
carefully compensated for.  The light scattered back from the sample and the reference mirror was recombined by 
the same fiber coupler, and the interference signal was detected by a home-made spectrometer. The spectrometer 
was designed to have a spectral resolution of 67.5 pm, which limited the ranging depth of the optical-coherence 
system to be 2.5 mm in air or 1.8 mm in soft tissue.  The system can acquire a maximum of 29,000 A-lines per 
second restricted only by the camera speed in the spectrometer.  The optical coherence system was working in the 
reflection mode. 
The photoacoustic subsystem worked in the transmission mode. It was powered by a short-pulse diode-pumped 
laser (λ = 532 nm, pulse width: 1.2 ns, SPOT-10-100-532, Elforlight).  The light out of the laser was coupled into a 
single-mode fiber which connected to the imaging probe. During experiment, the laser was fired at an average speed 
of 2 KHz, and pulse energy was estimated to be ~10 nJ at the exit of the fiber.  The transverse resolution of the 
photoacoustic image was determined by the optical focusing, and was quantified to be ~1.5 µm. At the receiving 
only mode, this transducer was previously measured to have a FWHM bandwidth of 100 MHz [7].  The axial 
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microcirculation and its surrounding tissue.  Now, we are working to add the functional and molecular imaging 
capabilities to the system, and to extend the biological applications of the dual-modality tool. 
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